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Stopping Power; energy loss of energetic particles per unit length in matter. 

The range; the mean path length of the particle in the target matter before coming t

I. Inelastic scattering on atomic orbital 
electrons.
It leads to excitations and ionizations of 
atoms of the medium, and is called 
“Collisional Stopping Power”.

Types of Interactions

P T

II. Inelastic nuclear scattering.
This results in radiation which is 
known as “Bremsstrahlung”, so 
the stopping power is the “Radiative
Stopping Power”. 

P T
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Aurora Borealis: interaction of electrons 
with oxygen and molecular nitrogen.

Čerenkov radiation: is radiation emitted when a charged 
particle) passes through matter at a speed greater than the 
speed of light in that medium. The characteristic "blue 
glow" of nuclear reactors is due to Čerenkov radiation.

Proton therapy: (used in 
treatment of tumours): 230 MeV p 
can penetrate in 32 cm tissue

wide application area: ion implantation, fundamental particle physics, nuclear 
physics, radiation damage, radiology, Rutherford backscattering 
spectroscopy, and plasma-first wall interaction in a nuclear-fusion reactor
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Some Pioneers:
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The first study for scattering for two point charge was made 
by J.J. Thomson.

In 1909, Geiger and Marsden experimented that scattering of alpha
particles from gold foil and they observed that 0.1% of alpha particles
backscattered from the target.

Two years later from this experiment, E. Rutherford theoretically
showed why this back scattering occurred, so nucleus was been found.

After these improvements, in 1913 the energy loss of traversing particles 
per unit path (stopping power) was calculated theoretically by N. Bohr.

The first quantum mechanical treatment was done by Bethe in 1930

SHORT HISTORY
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for understanding atomic structure at the begining of 20. century.

Stopping power was studied

in 1920’s for developing quantum mechanical scattering theory.

for nuclear fission in 1930’s and 1940’s, in 1950’s for nuclear physics.

in 1960’s for technological applications of ion implantation.

in 1970’s for material analyzing and radiation oncology.
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• The RANGE module uses the SRIM "engine" for heavy ions, alphas 
and protons.

• Own codes for the calculations for electron, positron and muon
projectiles.

• The interaction of incident electrons with target electrons can be 
calculated from Bethe’s theory.

• The collisional stopping power of matter is calculated by 
considering the effective charge approximation.

• For Radiative Stopping Power, RANGE module uses simple ratio:  

Srad/Scoll = ZE/800

• Range of the electrons, positrons and muons in matter is calculated
by using Continuous Slowing Down Approximation (CSDA):

Physics Behind the RANGE Module 
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Target: Mono-
elements:

Target: Pre-Defined 
Compounds:

Wiki Help:Projectile:

Target: User-Defined Compounds:

Main Interface:
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Target: User-defined compounds
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ProjRange(); 
massthickness();

rangeResu
lt

StragLong(); StragLat(); 
etc.

OriginGraphRange()

AddCompound()

OriginConfigureSP()

OriginGraphSP()

OriginConfigureRange()

CalculatePredefinedCo
mpound()

CalculateCompound()

CalculateMono()range

Main 
Methods

Classe
s

Range Calculations with Nucleonica Scripting
Scripting language:
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CONCLUSIONS
The RANGE module:

• provides a user-friendly interface for quick and accurate 
calculations on the range and stopping powers of charged 
particles. 

• can calculate SP and Range for electrons, positrons, protons, 
alphas, muons and heavy ions in a variety of different natural 
elements, pre-defined and user-defined compounds.

• Test results show agreements of less than 5% for protons and 
alphas, less than 10% for electrons and positrons, and less 
than 7% for muons for the total stopping powers and the CSDA 
Ranges. The Range module uses SRIM for heavy particles 
with a known accuracy of less than 5%.

• give freedom to the user for selecting the energy and stopping 
power units.

• provides high quality graphs for SP and Range.

• can be used in the Nucleonica scripting language.
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Thanks!
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